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(54) Syringe pumps 

(57) A syringe pump has a motor 9 rotating a lead- 
screw 8 to drive a plunger head actuator 1 0 along it. The 
head actuator 10 engages the plunger 35 of a syringe 
3 and moves the plunger along the syringe ban-el 30 to 
dispense medication. An optica! encoder 20 mounted 
on the leadscrew 8 is rotated by the motor 9 to produce 
a pulse output. A control unit 11 times the interval be- 



tween the pulses and compares these timings with a 
stored value representative of a predetermined multiple 
of the minimum time. If the head actuator 1 0 is obstruct- 
ed, the speed of rotation of the motor 9 Is slowed and 
the time interval between pulses rises. When this ex- 
ceeds the stored value, the control unit 11 stops the 
drive to the head actuator 10 and generates an alarm. 



CM 
< 



Fig.1. 




1 - • >» 




31 



30' 



32- 



35 36 



10 



CL 
LU 



Printed by Jouve. 75001 PARIS FR) 



1 

Description 

[0001] This invention relates to syringe pumps of the 
kind adapted to receive a syringe of the kind having a 
plunger movable along a barrel, the pump including a 
plunger head actuator coupled with an electric motor 
and operable to move the plunger along the barrel. 
[0002] Syringe pumps are used to supply medication 
to a patient from a pre-fllled syringe via an infusion line. 
The syringe pump applies a force to the plunger of the 
syringe to drive medication Into the infusion line at a con- 
trolled rate. The head of the plunger is engaged by a 
plunger head actuator that is movable along a lead- 
screw extending parallel to the axis of the syringe. The 
head actuator is movable from an extreme position at 
one end of the pump, where it allows the largest syringe 
to be loaded Into the pump with its plunger fully extend- 
ed, to an extreme position at the opposite end of the 
pump, where it fully depresses the plunger of the small- 
est syringe. There is a risk, when the head actuator is 
being moved back to its loading position, that the head 
actuator may trap the user's finger or other objects be- 
tween the actuator and the pump housing. 
[0003] It is an object of the present Invention to pro- 
vide an alternative syringe pump and method of opera- 
tion. 

[0004] According to the present invention there is pro- 
vided a syringe pump of the above-specified kind, char- 
acterised in that the pump is arranged to detect an ob- 
struction to movement of the head actuator by monitor- 
ing change in speed of the motor. 
[0005] The pump is preferably arranged to produce 
pulses at a frequency dependent on motor speed. The 
pump may be arranged to detect a change In speed of 
the motor by timing the interval between pulses in which 
case the pump Is preferably arranged to store informa- 
tion as to the minimum measured time of said intervals 
and to compare the time of subsequent intervals with 
the minimum to determine whether they exceed a pre- 
determined multiple of said minimum time. The pump 
preferably includes an encoder rotated by a shaft cou- 
pled with the motor, the pulses being derived from the 
encoder. The encoder is preferably an optical encoder. 
The pump is preferably arranged to stop movement of 
the head actuator and or alternatively to generate an 
alarm signal on detection of an obstruction. 
[0006] A syringe pump and its method of operation, 
according to the present Invention, will now be de- 
scribed, by way of example, with reference to the ac- 
companying drawings, in which: 

Figure 1 is a simplified view of the front of the pump; 
and 

Figure 2 is a graph illustrating the effect on motor 
speed of an obstruction to movement of the 
plunger head actuator. 
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[0007] The pump includes an outer housing 1 with a 
recess 2 on its front surface shaped to receive a syringe 
3 of conventional kind. The syringe 3 has a cylindrical 
barrel 30 with an outlet or nose 31 at its fonward end and 

5 a flange or ear 32 at its rear end. The nose 31 is con- 
nected to an infusion line 5 so that a medication liquid 
in the syringe 3 can be dispensed to a patient via the 
infusion line, by pushing in the plunger 36. 
[0008] The pump has a drive mechanism 7, including 

10 a leadscrew 8 driven by an electric stepper motor 9. A 
plunger head actuator or retainer mechanism 1 0 engag- 
es the head 36 of the plunger 36 and is movable along 
the leadscrew 8 as it rotates, so as to move the plunger 
along the barrel 30. Further details of the plunger head 

15 actuator are given in GB2362637. The motor 9 is driven 
by a control unit 1 1 , which receives Inputs from a keypad 
1 2, or other user input means, and various sensors (not 
shown). The control unit 11 also provides an output to a 
display panel 1 3. An optical sensor and encoder disc 20 

20 attached with the leadscrew 8 provides an output to the 
control unit 11 for use in controlling the position and the 
speed of movement of the plunger head actuator 10. In 
addition, the control unit 1 1 uses the output from the en- 
coder 20 to detect an obstruction to movement of the 

25 plunger head actuator 1 0 when the actuator is moved 
back towards its parked or loading position at the ex- 
treme righthand side of the pump. 
[0009] The plunger head actuator 1 0 is moved rear- 
wardly to this loading position at a relatively fast speed. 

30 As illustrated in Figure 2, it can be seen that the angular 
velocity V of the motor 9 (and hence the linear speed of 
the actuator 10) accelerates rapidly initially over time T 
and then becomes relatively constant as it reaches its 
maximum speed. This speed continues until the actua- 
ls tor 1 0 reaches a position close to its end of travel when 
an end-of-travel sensor (not shown) is tripped and pow- 
er to the motor 9 Is temninated. If, however, there is an 
obstruction to movement of the actuator 10, such as 
caused by a user's finger inadvertently placed In the re- 

40 cess 2 to the right of the actuator, the motor speed will 
drop, as indicated by the broken line in Figure 2. The 
control unit 11 rapidly detects this fall in motor speed 
and responds by stopping supply of power to the motor 

9 and by providing an alamn output, such as an audible 
45 alamn from a buzzer (not shown) and a legend on the 

display panel 13. 

[0010] The control unit 1 1 could detect the fall in motor 
speed by continuously measuring the magnitude of de- 
celeration of the motor 9 and responding if this exceeds 

so a predetemiined limit. However, a preferred arrange- 
ment has been found to be less complicated. In this, the 
control unit 11 includes a timer 21 , which receives the 
output of the encoder 20 and measures the time elapsed 
between each step of the motor. Typically, the motor 9 

55 makes 200 steps per revolution and the encoder disc 
20 provides a resolution of 2000 steps per revolution, 
so the timer 21 times the intervals between groups of 

10 steps of the encoder disc in order to measure the 
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time between each motor step. The timer 21 may be a 6. 
discrete unit, as shown, or the timing function may be 
carried out by programming of a processor in the control 
unit 11 . The timer 21 stores in a memory 22 information 7. 
as to the minimum time t^^j^ so far between steps. As s 
each subsequent time interval t is measured, a compa- 
rator 23 compares this with the minimum time X^■^J^ in the 
memory 22. If t > n.t^^i^, where n = 8, the control unit 1 1 
determines that the head actuator 1 0 is obstructed and 8. 
stops power supply to the motor 9. It will be appreciated -io 
that the sensitivity of detection could be altered by 
choosing a different value for the multiple n. A greater 
value of n would reduce sensitivity, whereas a smaller 
value of n would Increase sensitivity. 
[0011] The present Invention enables the pump rap- is 
idly to detect an obstruction to movement of the plunger 
head actuator, thereby preventing injury and damage to 
the pump, without the need for any additional sensors. 
It will be appreciated that the Invention is not confined 
to the detection of an obstruction during reanvard move- 20 
ment of the actuator while unloading but that it could 
also, or alternatively, detect an obstruction during for- 
ward movement of the actuator while loading. 

25 

Claims 

1 . A syringe pump adapted to receive a syringe (3) of 
the kind having a plunger (35) movable along a bar- 
rel (30), the pump including a plunger head actuator 30 
(1 0) coupled with an electric motor (9) and operable 

to move the plunger (35) along the barrel (30), char- 
acterised in that the pump is arranged to detect an 
obstruction to movement of the head actuator (10) 
by monitoring change in speed of the motor (9). 35 

2. A pump according to Claim 1 , characterised in that 
the pump is arranged to produce pulses at a fre- 
quency dependent on speed of the motor (9). 

40 

3. A pump according to Claim 2, characterised in that 
the pump is arranged to detect a change In speed 
of the motor (9) by timing the interval between the 
pulses. 

45 

4. A pump according to Claim 3, characterised in that 
the pump is arranged to store information as to the 
minimum measured time of the intervals and to 
compare the time of subsequent Intervals with the 
minimum to determine whether they exceed a pre- so 
detemnined multiple of the minimum time. 

5. A pump according to any one of Claims 2 to 4, char- 
acterised in that the pump includes an encoder 
(20) rotated by a shaft (8) coupled with the motor 55 
(9), and that the pulses are derived from the encod- 
er (20). 



A pump according to Claim 5, characterised in that 
the encoder (20) Is an optical encoder. 

A pump according to any one of the preceding 
claims, characterised in that the pump is arranged 
to stop movement of the head actuator (10) when 
an obstruction is detected. 

A pump according to any one of the preceding 
cfaimsycharacterised in that the pump is arranged 
to generate an alami signal on detection of an ob- 
struction. 
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(54) Syringe pumps 

(57) A syringe pump has a motor 9 rotating a lead- 
screw 8 to drive a plunger head actuator 1 0 along it. The 
head actuator 10 engages the plunger 35 of a syringe 
3 and moves the plunger along the syringe barrel 30 to 
dispense medication. An optical encoder 20 mounted 
on the leadscrew 8 is rotated by the motor 9 to produce 
a pulse output. A control unit 11 times the interval be- 



tween the pulses and compares these timings with a 
stored value representative of a predetermined multiple 
of the minimum time. If the head actuator 1 0 is obstruct- 
ed, the speed of rotation of the motor 9 is slowed and 
the time interval between pulses rises. When this ex- 
ceeds the stored value, the control unit 1 1 stops the 
drive to the head actuator 10 and generates an alann. 
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